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THERMAL SENSING DEVICE resistor 134 . Vb is an operating voltage of the Wheatstone 
Bridge circuit 130 . If the third resistor 133 includes positive 

BACKGROUND OF THE INVENTION temperature coefficient of resistance ( PTCR ) , the resistant 
value R3 ( T ) of the third resistor 133 is proportional to the 

1 . Field of the Invention 5 temperature . When the detected physical value is changed , 
The present invention relates to a sensing device , and for example a thermal conductance of the sensing element is 

more particularly relates to a thermal sensing device able to increased when air pressure is raised , the temperature of the 
enhance sensing signal output from a measurement circuit . sensing element is decreased and the resistant value R ( T ) of 

2 . Description of Related Art the third resistor 133 is reduced . Therefore , the V34 voltage 
A sensing mechanism of a thermal sensing device is that 10 is increased . Since the V12 voltage is irrelevant to the 

the sensing materials of the thermal sensing device will temperature , a variation value Vs of the output voltage is 
change material characteristics because of temperature . increased and a value of the detected physical value can be 
Therefore , a measurement circuit is used to convert a calculated in accordance with the variation value Vs of the 
variation value of the material characteristics of the sensing output voltage . 
materials to a signal output . A manufacturing method of the 15 With advances in Micro Electromechanical System 

( MEMS ) technology , the size of the sensing element is thermal sensing device is to dispose a sensing resistor with getting smaller and smaller , so a sensing signal calculated in temperature coefficient of resistance on a suspending struc 
accordance with the resistant variation of the sensing resistor ture made by a semiconducting material with good insula 123 is not high enough . If the detected sensing signal can be tion effect . When current passes through the sensing resistor 

on the suspending structure , the temperature of the sensing 20 increased , the problem that the signal becomes weaker 
resistor is higher than room temperature because heat is hard because of a miniaturization process of the sensing element 

can be resolved . Therefore , a need arises to design a thermal to dissipate away . The temperature of the sensing resistor 
will be varied in accordance with physical variation so as to sensing device to increase the sensing signal outputted from 

the measurement circuit so as to resolve the aforementioned change the resistant value of the sensing resistor . 
With reference to FIG . 12 , the conventional thermal - problem . 

sensing device 120 includes a substrate 121 , an insulating SUMMARY OF THE INVENTION layer 122 , a sensing resistor 123 and a cavity 124 . The 
insulating layer 122 is disposed on a surface of the substrate 
121 and the sensing resistor 123 is disposed on the insulating za An objective of the present invention is to provide a 

30 thermal sensing device and the thermal sensing device can layer 122 . The cavity 124 is formed by hollowing an internal enhance sensing signal outputted by the measurement cir space of the substrate 121 of the thermal sensing device 120 , cuit . The problem that the signal becomes smaller when the and the insulating layer 122 and the sensing resistor 123 sensing element is minimized may be resolved . form a suspending structure 125 above the cavity 124 . Since According to the aforementioned objective , a thermal the suspending structure 125 is connected to the insulating of 35 sensing device provided in the present invention comprises : layer 122 on the substrate 121 via a connecting portion 126 
a substrate ; of the suspending structure 125 , a thermal conductive effect 

between the sensing resistor 123 and the substrate 121 is a first insulating layer disposed on the substrate ; 
at least one first sensing resistor disposed above the first reduced . Therefore , the heat generated by the sensing resis insulating layer ; tor 123 transmitting to the substrate 121 is reduced to 10 " O 40 at least one second sensing resistor disposed above the improve the sensing effect . 

With reference to FIG . 13 , the thermal sensing device is first insulating layer and isolated from the at least one first 
usually implemented in a Wheatstone Bridge circuit 130 sensing resistor ; 

a plurality of etching holes disposed around the at least composed of four resistors to perform a measurement . The 
Wheatstone Bridge circuit 130 includes a first resistor 131 , one first sensing resistor and the at least one second sensing 

45 resistor ; a second resistor 132 , a third resistor and a fourth resistor a cavity formed below the at least one first sensing resistor 134 . The resistant value of the sensing element is varied in and the at least one second sensing resistor ; accordance with the temperature , so a variation of a voltage wherein the thermal sensing device is implemented in a difference at middle of the Wheatstone Bridge circuit 130 is measurement circuit , the measurement circuit includes a first used to measure physical quantities . As shown in FIG . 13 , in 
the Wheatstone Bridge circuit 130 , the thermal sensing 50 resistor , a second resistor , a third resistor and a fourth 

resistor , and the at least one first sensing resistor and the at device is implemented to be the third resistor 133 , but the least one second sensing resistor are respectively imple first resistor 131 , the second resistor 132 and the fourth mented to be at least two of the first resistor , the second resistor 134 are normal resistors that will not be varied in resistor , the third resistor and the fourth resistor of the accordance with the temperature . The resistant values of the se ( 55 measurement circuit . first resistor 131 , the second resistor 132 , the third resistor By increasing the number of the sensing resistors in one 133 and the fourth resistor 134 are R1 , R2 , R2 ( T ) and RA thermal sensing device and adapting to the installation respectively . Equations of the Wheatstone Bridge circuit 130 locations of the resistors in the Wheatstone Bridge circuit , 
are : the sensing signal is significantly increased so as to resolve 

60 the problem that the signal becomes smaller when the 
sensing element is minimized . 

AVS = V34 – V12 , V12 = Vb TR1 + R2 ] 1R3 ( T ) + RA BRIEF DESCRIPTION OF THE DRAWINGS 
R4 

= Vb 

V12 is a voltage value at a node between the first resistor 65 
131 and the second resistor 132 and V34 is a voltage value 
at a node between the third resistor 133 and the fourth 

FIG . 1A is a schematic view of a thermal sensing device 
in a first embodiment of the present invention ; 

FIG . 1B is an A - A sectional view of FIG . 1A ; 



US 10 , 094 , 717 B2 

FIG . 1C and FIG . 1D are sectional views of the thermal sensing resistor 14 , at least one second sensing resistor 15 , 
sensing device different from the thermal sensing device in a plurality of electrical connecting wires 17 and a plurality 
FIG . 1B ; of etching holes 18 . 

FIG . 2A is a schematic view of the thermal sensing device The first insulating layer 13 is disposed on the substrate 
in a second embodiment of the present invention ; 5 11 . The first sensing resistor 14 and the second sensing 

FIG . 2B is a B - B sectional view of FIG . 2A resistor 15 are resistors with PTCR , and the first sensing 
FIG . 2C is a sectional view of the thermal sensing device resistor 14 and the second sensing resistor 15 are separated 

different from the thermal sensing device in FIG . 2B ; from each other . In addition , the electrical connecting wires 
FIG . 3A and FIG . 3B are measurement circuit diagrams 17 are disposed around the first sensing resistor 14 and the 

implemented in the thermal sensing device in the first 10 second sensing resistor 15 . Each of the electrical connecting 
embodiment in FIG . 1A and FIG . 1B . wires 17 is electrically connected to the first sensing resistor 

FIG . 4A is a schematic view of the thermal sensing device 14 or the second sensing resistor 15 , and the electrical 
in a third embodiment of the present invention ; connecting wires 17 are implemented to connect the first 

FIG . 4B is a C - C sectional view of FIG . 4A sensing resistor 14 and the second sensing resistor 15 with 
FIG . 4C is a sectional view of the thermal sensing device 15 an external circuit . Since the first sensing resistor 14 and the 

different from the thermal sensing device in FIG . 4B ; second sensing resistor 15 are resistors having PTCR , mate 
FIG . 5A - FIG . 5D are measurement circuit diagrams rials used in the first sensing resistor 14 and the second 

implemented in the thermal sensing device in the third sensing resistor 15 may be the same , and the material of the 
embodiment in FIG . 4A and FIG . 4B ; electrical connecting wire 17 may be the same as the first 

FIG . 6A is a schematic view of the thermal sensing device 20 sensing resistor 14 and the second sensing resistor 15 . In a 
in a fourth embodiment of the present invention ; different embodiment of the present invention , as shown in 

FIG . 6B is a D - D sectional view of FIG . 6A FIG . 1C , a second insulating layer 19 is further disposed on 
FIG . 6C is a sectional view of the thermal sensing device the first insulating layer 13 , the first sensing resistor 14 , the 

different from the thermal sensing device in FIG . 6B ; second sensing resistor 15 and the electrical connecting 
FIG . 7A is a schematic view of the thermal sensing device 25 wires 17 . The second insulating layer covers the first insu 

in a fifth embodiment of the present invention ; lating layer 13 , the first sensing resistor 14 , the second 
FIG . 7B is an E - E sectional view of FIG . 7A sensing resistor 15 and the electrical connecting wires 17 . 
FIG . 7C is a sectional view of the thermal sensing device Moreover , in a different embodiment , as shown in FIG . 1C , 

different from the thermal sensing device in FIG . 7B ; the thermal sensing device further includes a third insulating 
FIG . 8A - FIG . 8D are measurement circuit diagrams 30 layer 16 . The third insulating layer 16 covers the first sensing 

implemented in the thermal sensing device in FIG . 6A or resistor 14 and a portion of the first insulating layer 13 , and 
FIG . 7A ; the second sensing resistor 15 is disposed on the third 

FIG . 9A is a schematic view of the thermal sensing device insulating layer 16 to prevent an electrical contact between 
in a sixth embodiment of the present invention ; the first sensing resistor 14 and the second sensing resistor 

FIG . 9B is an F - F sectional view of FIG . 9A 35 15 , as shown in FIG . 1D . The etching holes 18 are disposed 
FIG . 9C is a sectional view of the thermal sensing device at two sides of the electrical connecting wires 17 , and the 

different from the thermal sensing device in FIG . 9B ; cavity 12 is formed in the substrate 11 below the first sensing 
FIG . 10 is a measurement circuit diagram implemented in resistor 14 and the second sensing resistor 15 . By the 

the thermal sensing device in the sixth embodiment in FIG . aforementioned structure , a portion of the first insulating 
9A and FIG . 9B ; 40 layer 13 , the first sensing resistor 14 , the second sensing 

FIG . 11A is a curve diagram of a temperature and pressure resistor 15 and a portion of the second insulating layer 19 
variation when the measurement circuit in the present inven - form a suspending structure 18 to minimize a thermal 
tion implements two , three or four sensing elements and the conductive path from the first sensing resistor 14 and the 
measurement circuit in the prior art implements one sensing second sensing resistor 15 to the substrate 11 . 
element ; 45 The forming method of the first sensing resistor 14 , the 

FIG . 11B is a characteristic curve diagram of a compari - second sensing resistor 15 and the electrical connecting 
son of the output voltage when the measurement circuit in wires 17 in the present invention is to deposit a material 
the present invention implements two , three or four sensing layer and etch the material layer to form the first sensing 
elements and the measurement circuit in the prior art imple - resistor 14 , the second sensing resistor 15 and the electrical 
ments one sensing element ; 50 connecting wire 17 respectively . In addition , the first insu 

FIG . 12 illustrates a conventional thermal sensing device ; lating layer 13 is further etched to form the etching holes 18 , 
and and the cavity 12 is formed by etching the substrate 11 from 

FIG . 13 is a circuit diagram of a Wheatstone Bridge the position of the etching holes 18 . By the aforementioned 
circuit implementing a sensing element in the prior art . manufacturing method , the formation of the first sensing 

55 resistor 14 and the second sensing resistor 15 on the sub 
DETAILED DESCRIPTION OF THE strate 11 is finished . In addition , in the present embodiment , 

PREFERRED EMBODIMENT a shape of the first sensing resistor 14 and a shape of the 
second sensing resistor 15 are continuously curved lines . 

These and other aspects of the embodiments herein will However , in a different embodiment , the shape of the first 
be better appreciated and understood when considered in 60 sensing resistor and the shape of the second sensing resistor 
conjunction with the following description and the accom - may be different , such as a flat shape , and it is not limited 
panying drawings . herein . 

FIG . 1A is a schematic view of a thermal sensing device FIG . 2A is a schematic view of the thermal sensing device 
in a first embodiment of the present invention . FIG . 1B is an in a second embodiment of the present invention . FIG . 2B is 
A - A sectional view of FIG . 1A . As shown in FIG . 1A and 65 a B - B sectional view of FIG . 2A . As shown in FIG . 2A and 
FIG . 1B , the thermal sensing device 10 includes a substrate FIG . 2B , the thermal sensing device 20 includes a substrate 
11 , a cavity 12 , a first insulating layer 13 , at least one first 21 , a cavity 22 , a first insulating layer 23 , at least one first 



US 10 , 094 , 717 B2 

sensing resistor 24 , at least one second sensing resistor 25 , variation value Vs of the measurement circuit is substan 
a plurality of electrical connecting wires 27 and a plurality tially increased . Moreover , when the second resistor 32 and 
of etching holes 28 . the third resistor 33 are the first sensing resistor 14 and the 

The first insulating layer 23 is disposed on the substrate second sensing resistor 15 with NTCR , the signal variation 
21 . The first sensing resistor 24 and the second sensing 5 value is a negative value and the effect to increase the signal 
resistor 25 are resistors with negative temperature coefficient negative temperature coefficient variation value of the measurement circuit is the same . 
of resistance ( NTCR ) , and the first sensing resistor 24 and In the second embodiment , with reference to FIG . 2A , 
the second sensing resistor 25 are separated from each other . FIG . 2B and FIG . 3B , the first sensing resistor 24 and the 
The installation method and the installation positions of the second sensing resistor 25 with PTCR are implemented to be 
rest components ( such as the electrical connecting wires 27 , 10 the first resistor 31 and the fourth resistor 34 of the mea 

surement circuit 30 . The first resistor 31 ( the first sensing the etching holes 28 , the cavity 22 and so on ) are the same resistor 14 ) and the second resistor 32 are connected in series as the first embodiment , and the description thereof is between the voltage difference of the operating voltage Vb 
omitted herein . In a different embodiment of the present and the ground point . The third resistor 33 and the fourth invention , as shown in FIG . 2C , the second insulating layer f 15 resistor 34 ( the second sensing resistor 15 ) are connected in 29 is also disposed on the first insulating layer 23 , the first series between the voltage difference of the operating volt sensing resistor 24 , the second sensing resistor 25 and the age Vb and the ground point and further connected in electrical connecting wires 27 , and the second insulating ng parallel with the first resistor 31 and the second resistor 32 . layer 29 covers the first insulating layer 23 , the first sensing Since the first sensing resistor 24 ( the first resistor 31 ) and resistor 24 , the second sensing resistor 25 and the electrical cal 20 the second sensing resistor 25 ( the fourth resistor 34 ) include connecting wires 27 . The cavity 22 below the first sensing PTCR , the resistance value R1 ( T ) and the R4 ( T ) of the first resistor 24 and the second sensing resistor 25 is also imple resistor 33 and the fourth resistor 34 become smaller as the mented to minimize a thermal conductive path from the first temperature drops when the pressure is increased . The 
sensing resistor 24 and the second sensing resistor 25 to the voltage value of the node voltage V34 between the third 
substrate 21 . In addition , in the present embodiment , the 25 25 resistor 33 and the fourth resistor 34 are increased and the shape of the first sensing resistor 24 and the second sensing voltage value of the node voltage V12 between the first resistor 25 are plane , but , in a different embodiment , the resistor 31 and the second resistor 32 are decreased . There shape of the first sensing resistor 24 and the second sensing fore , the signal variation value Vs also has an increasing resistor 25 may be different , such as curve shape , and it is not effect . limited herein . 30 FIG . 4A is a schematic view of the thermal sensing device FIG . 3A is a measurement circuit diagram implemented in in a third embodiment of the present invention . FIG . 4B is the thermal sensing device in the first embodiment in FIG . a C - C sectional view of FIG . 4A . As shown in FIG . 4A and 1A and FIG . 1B . As shown in FIG . 3A , the measurement FIG . 4B , the thermal sensing device 40 includes a substrate circuit 30 is preferred to be a Wheatstone Bridge circuit and 41 , a cavity 42 , a first insulating layer 43 , at least one first includes a first resistor 31 , a second resistor 32 , a third 4 35 sensing resistor 44 , at least one second sensing resistor 45 , resistor 33 and a fourth resistor 34 . The first sensing resistor a plurality of electrical connecting wires 47 and a plurality 14 and the second sensing resistor 15 with PTCR shown in of etching holes 48 . 
FIG . 1A and FIG . 1B are implemented in the second resistor The first insulating layer 43 is disposed on the substrate 32 and the third resistor 33 of the measurement circuit 30 . 41 . The first sensing resistor 44 and the second sensing 
The first resistor 31 and the second resistor 32 ( the first an FSC 40 resistor 45 are disposed on a surface of the first insulating sensing resistor 14 ) are connected in series between a layer 43 . The first sensing resistor 44 and the second sensing voltage difference of an operating voltage Vb and a ground resistor 45 are separated from each other . The first sensing point . The third resistor 33 ( the second sensing resistor 15 ) resistor 44 and the second sensing resistor 45 are the resistor and the fourth resistor 34 are connected in series between the with PTCR and the resistor with NTCR respectively . How voltage difference of the operating voltage and the ground 10 45 ever , in a different embodiment , the first sensing resistor 44 point and further connected in parallel with the first resistor and the second sensing resistor 45 may be the resistor with 
31 and the second resistor 32 . Equations of the Wheatstone NTCR and the resistor with PTCR respectively and it is not Bridge circuit as the measurement circuit 30 are : limited herein . The electrical connecting wires 47 are dis 

posed around the first insulating layer 43 and on a top of the 
50 second sensing resistor 45 . In a different embodiment , the 

Vs = V34 - V12 , V12 = thermal sensing device 40 further includes a second insu LR + R ( T ) LR3 ( T ) + R4 lating layer 49 and the second insulating layer 49 covers the 
top of the first insulating layer 43 , the first sensing resistor 

Resistant values of the first resistor 31 , the second resistor 44 , the second sensing resistor 45 and the electrical con 
32 , the third resistor 33 and the fourth resistor 34 are R , 55 necting wires 47 , as shown in FIG . 4C . The installation 
R , ( T ) , R ( T ) and R , respectively . Vs is a signal variation method and the installation positions of the rest components 
value of the measurement circuit . V12 is a node voltage ( such as the etching holes 48 , the cavity 42 and so on ) are 
between the first resistor 31 and the second resistor 32 and the same as the first embodiment , and the description thereof 
V34 is the node voltage between the third resistor 33 and the is omitted herein . The cavity 42 below the first sensing 
fourth resistor 34 . Since both of the second resistor 32 and 60 resistor 44 and the second sensing resistor 45 is also imple 
the third resistor 33 include PTCR , the resistant values of the mented to minimize a thermal conductive path from the first 
second resistor 32 and the third resistor 33 become smaller sensing resistor 44 and the second sensing resistor 45 to the 
as temperature drops when pressure is increased . The volt - substrate 41 . 
age value of the node voltage V34 between the third resistor FIG . 5A - FIG . 5D are circuit diagrams of the measurement 
33 and the fourth resistor 34 is decreased and the voltage 65 circuits implemented in the thermal sensing device in the 
value of the node voltage V12 between the first resistor 31 third embodiment in FIG . 4A and FIG . 4B . As shown in FIG . 
and the second resistor 32 is decreased . Therefore , the signal 5A , the measurement circuit 50 is also a Wheatstone Bridge 

R4 Vs = 134 – V12 , V12 = Volp , 120 . 2 . ) , v34 = v . 1034 Ral V 34 = VE 
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? ! 
+ R 

circuit and includes a first resistor 51 , a second resistor 52 , is disposed between the two first sensing resistors 64 . The 
a third resistor 53 and a fourth resistor 54 . electrical connecting wires 67 are disposed at the peripheral 

The first resistor 51 and the second resistor 52 are on the surface of the first insulating layer and on the second 
connected in series between the voltage difference of an sensing resistor 65 . In a different embodiment , the thermal 
operating voltage Vb and a ground point . The third resistor 5 sensing device also includes a second insulating layer 69 and 
53 and the fourth resistor 54 are connected in series between the second insulating layer 69 covers the top of the first 
the voltage difference of the operating voltage and the insulating layer 63 , the first sensing resistor 64 , the second 
ground point and further connected in parallel with the first sensing resistor 65 and the electrical connecting wires 67 . 

The installation method and the installation positions of the resistor 51 and the second resistor 52 . Equations of the 
Wheatstone Bridge circuit as the measurement circuit 50 it to 10 rest components ( such as the etching holes 68 , the cavity 62 

and so on ) are the same as the aforementioned embodiments , are : and the description thereof is omitted herein . The cavity 62 
below the first sensing resistor 64 and the second sensing 
resistor 65 is also implemented to minimize a thermal 

Vs = V34 – V12 , V12 = Vb , V34 = Vb Data 15 conductive path from the first sensing resistor 64 and the R3 ( T ) + R4 ( T ) 
second sensing resistor 65 to the substrate 61 . 

FIG . 7A is a schematic view of the thermal sensing device 
Resistant values of the first resistor 51 , the second resistor in the fifth embodiment of the present invention . FIG . 7B is 

52 , the third resistor 53 and the fourth resistor 54 are R , R2 , an E - E sectional view of FIG . 7A . As shown in FIG . 7A and 
R ( T ) and RX ( T ) respectively . The third resistor 53 and the 20 FIG . 7B , the thermal sensing device 70 includes a substrate 
fourth resistor 54 respectively include PTCR and NTCR . 71 , a cavity 72 , a first insulating layer 73 , two first sensing 
The resistant value of the third resistor 53 becomes smaller resistors 74 , a second sensing resistor 75 , a plurality of 
as the temperature drops when the pressure is increased . The electrical connecting wires 77 and a plurality of etching 
voltage value of the node voltage V34 between the third holes 78 . 
resistor 53 and the fourth resistor 54 is increased . Therefore , 25 The first insulating layer 73 is disposed on the substrate 
the signal variation value Vs of the measurement circuit is 71 . The first sensing resistor 74 and the second sensing 
substantially increased . resistor 75 are disposed on the surface of the first insulating 

In addition , in a different embodiment , a different circuit layer 73 . The first sensing resistor 74 and the second sensing 
structure in the measurement circuit 50 can achieve the resistor 75 are separated from each other . The first sensing 
purpose of increasing the signal variation value Vs of the 30 resistor 74 and the second sensing resistor 75 are the resistor 
measurement circuit 50 , as shown in FIG . 5B - FIG . 5D . With with PTCR and the resistor with NTCR respectively . How 
reference to FIG . 5B , the first sensing resistor 44 and the ever , in a different embodiment , the first sensing resistor 74 
second sensing resistor 45 at the thermal sensing device of and the second sensing resistor 75 are the resistor with 
the present invention in FIG . 4A and FIG . 4B are imple - NTCR and the resistor with PTCR respectively , but it is not 
mented to be the first resistor 51 and the second resistor 52 . 35 limited herein . The electrical connecting wires 77 are dis 
The first resistor 51 and the second resistor 52 respectively posed at the peripheral on the surface of the first insulating 
include NTCR and PTCR . With reference to FIG . 5C , the layer and on the second sensing resistor 75 . In a different 
first sensing resistor 44 and the second sensing resistor 45 at embodiment , the thermal sensing device also includes a 
the thermal sensing device of the present invention in FIG . second insulating layer 79 and the second insulating layer 79 
4A and FIG . 4B are implemented to be the first resistor 51 40 covers the top of the first insulating layer 73 , the first sensing 
and the third resistor 53 . The first resistor 51 and the third resistor 74 , the second sensing resistor 75 and the electrical 
resistor 53 respectively include NTCR and PTCR . With connecting wires 77 , as shown in FIG . 7C . The installation 
reference to FIG . 5D , the first sensing resistor 44 and the method and the installation positions of the rest components 
second sensing resistor 45 at the thermal sensing device of ( such as the etching holes 78 , the cavity 72 and so on ) are 
the present invention in FIG . 4A and FIG . 4B are imple - 45 the same as the aforementioned embodiments , and the 
mented to be the second resistor 52 and the fourth resistor description thereof is omitted herein . The cavity 72 below 
54 . The second resistor 52 and the fourth resistor 54 respec - the first sensing resistor 74 and the second sensing resistor 
tively include PTCR and NTCR . 75 is also implemented to minimize a thermal conductive 

FIG . 6A is a schematic view of the thermal sensing device path from the first sensing resistor 74 and the second sensing 
in the fourth embodiment of the present invention . FIG . 6B 50 resistor 75 to the substrate 71 . 
is a D - D sectional view of FIG . 6A . As shown in FIG . 6A FIG . 8A and FIG . 8D are circuit diagrams of the mea 
and FIG . 6B , the thermal sensing device 60 includes a surement circuits implementing the thermal sensing device 
substrate 61 , a cavity 62 , a first insulating layer 63 , two first in FIG . 6A or FIG . 7A . As shown in FIG . 8A , the measure 
sensing resistors 64 , a second sensing resistor 65 , a plurality ment circuit 80 is also a Wheatstone Bridge circuit and 
of electrical connecting wires 67 and a plurality of etching 55 includes a first resistor 81 , a second resistor 82 , a third 
holes 68 . resistor 83 and a fourth resistor 84 . The second resistor 82 , 

The first insulating layer 63 is disposed on the substrate the third resistor 83 and the fourth resistor 84 are adjacent 
61 . The first sensing resistor 64 and the second sensing and implement two of the first sensing resistors 74 and one 
resistor 65 are the resistor with PTCR and the resistor with of the second sensing resistors 75 in the thermal sensing 
NTCR respectively . However , in a different embodiment , 60 device in FIG . 7A and FIG . 7B . Two of the first sensing 
the first sensing resistor 64 and the second sensing resistor resistors 74 in the thermal sensing device in FIG . 7A and 
65 are the resistor with NTCR and the resistor with PTCR FIG . 7B replace the second resistor 82 and the third resistor 
respectively , but it is not limited herein . The first sensing 83 in the Wheatstone Bridge circuit and the second sensing 
resistors 64 and the second sensing resistor 65 are disposed resistor 75 replaces the fourth resistor 84 . The first resistor 
on the surface of the first insulating layer 63 . The first 65 81 and the second resistor 82 are connected in series 
sensing resistors 64 and the second sensing resistor 65 are between the voltage difference of the operating voltage Vb 
separated from each other , and the second sensing resistor 65 and the ground point . The third resistor 83 and the fourth 
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resistor 84 are connected in series between the voltage FIG . 10 is a circuit diagram of the measurement circuits 
difference of the operating voltage and the ground point and implemented in the thermal sensing device in the sixth 
further connected in parallel with the first resistor 81 and the embodiment in FIG . 9A and FIG . 9B . As shown in FIG . 10 , 
second resistor 82 . Equations of the Wheatstone Bridge the measurement circuit 100 is also a Wheatstone Bridge 
circuit as the measurement circuit 80 are : 5 circuit and includes a first resistor 101 , a second resistor 102 , 

a third resistor 103 and a fourth resistor 104 . The sensing 
resistors with the same temperature coefficient of resistance 

Vs = 134 – V12 , V12 = V [ R , * 80D ) ) , V34 = vo [ 047R ( O ) are oppositely jointed and the sensing resistors with different 
temperature coefficients of resistance are adjacently jointed . 

10 The first resistor 101 , the second resistor 102 , the third 
Resistant values of the first resistor 81 , the second resistor resistor 103 and the fourth resistor 104 in the Wheatstone 

82 , the third resistor 83 and the fourth resistor 84 are R , Bridge circuit implement two of the at least one first sensing 
R ( T ) , R3 ( T ) and R4 ( T ) respectively . The second resistor 82 resistor 94 and two of the at least one second sensing resistor 
and the third resistor 83 respectively include PTCR and the 15 95 in the thermal sensing device of the present invention in 
fourth resistor 84 includes NTCR . The resistant values of the FIG . 9A and FIG . 9B . Two of the at least one sensing resistor 
second resistor 82 and the third resistor 83 become smaller 94 in FIG . 9A and FIG . 9B replace the second resistor 102 
and the resistant value of the fourth resistor 84 becomes and the third resistor 103 in the Wheatstone Bridge circuit 

and the two of the at least one second sensing resistor 95 larger as temperature drops when pressure is increased . The replace the first resistor 101 and the fourth resistor 104 . The voltage values of the node voltage V12 between the first 20 first resistor 101 and the second resistor 102 are connected resistor 81 and the second resistor 82 is decreased and the in series between the voltage difference of the operating voltages values of the node voltage V34 between the third voltage Vb and the ground point . The third resistor 103 and resistor 83 and the fourth resistor 84 are increased . There the fourth resistor 104 are connected in series between the 
fore , the signal variation value Vs of the measurement svoltage difference of the operating voltage and the ground 
circuit is substantially increased . Moreover , in a different 25 point and further connected in parallel with the first resistor 
embodiment , as shown in FIG . 8B , the first resistor 81 and 101 and the second resistor 102 . Equations of the Wheat 
the third resistor 83 include NTCR and the second resistor s tone Bridge circuit as the measurement circuit 100 are : 
82 includes PTCR . Alternatively , as shown in FIG . 8C , the 
first resistor 81 and the fourth resistor 84 include NTCR and 
the third resistor 83 includes PTCR or as shown in FIG . 8D , Vs = V34 – V12 , V12 = V12 , 1313 . 67 ] , V34 = vb [ R $ ( 1 ) + Ract ) the first resistor 81 includes NTCR and the second resistor 
82 and the third resistor 83 include PTCR . The signal 
variation value Vs is also greater than the signal variation Resistant values of the first resistor 101 , the second value in the prior art . 35 resistor 102 , the third resistor 103 and the fourth resistor 104 

FIG . 9A is a schematic view of the thermal sensing device are R , ( T ) , R . ( T ) , R . ( T ) and R ( T ) respectively . The first 
in the sixth embodiment of the present invention . FIG . 9B is resistor 101 and the fourth resistor 104 include NTCR and 
an F - F sectional view of FIG . 9A . As shown in FIG . 9A and the second resistor 102 and the third resistor 103 include 
FIG . 9B , the thermal sensing device 90 includes a substrate NTCR . The resistant values of the second resistor 102 and 
91 , a cavity 92 , a first insulating layer 93 , at least one first 40 the third resistor 103 become smaller and the resistant values 
sensing resistor 94 , at least one second sensing resistor 95 , of the first resistor 101 and the fourth resistor 104 become 
a plurality of electrical connecting wires 97 and a plurality larger as temperature drops when pressure is increased . The 
of etching holes 98 . voltage value of the node voltage V12 between the first 

The first insulating layer 93 is disposed on the surface of resistor 101 and the second resistor 102 is decreased and the 
the substrate 91 . The at least one first sensing resistor 94 and 45 voltage value of the node voltage V34 between the third 
the at least one second sensing resistor 95 are disposed on resistor 103 and the fourth resistor 104 is increased . There 
the surface of the first insulating layer 93 . The at least one fore , the signal variation value Vs of the measurement 
first sensing resistor 94 and the at least one second sensing circuit is substantially increased . The signal variation value 
resistor 95 are separated from each other . In the present at the present embodiment is greater than the signal variation 
embodiment , the number of the at least one first sensing 50 value in the prior art . 
resistor 94 is two and the number of the at least one second FIG . 11A is a temperature and pressure variation curve 
sensing resistor 95 is also two . Two of the second sensing diagram of the measurement circuit in the present invention 
resistors 95 are disposed between two of the first sensing implementing two sensing resistors , three sensing resistors 
resistors 94 . The installation method and the installation and four sensing resistors and the measure circuit in the prior 
positions of the rest components ( such as the electrical 55 art implementing one sensing resistor . As shown in FIG . 
connecting wires 97 , the etching holes 98 , the cavity 92 and 11A , when the pressure is increased , the temperature and 
so on ) are the same as the fourth embodiment , and the pressure variation in a characteristic curve 111 of the four 
description thereof is omitted herein . In a different embodi - sensing resistors , a characteristic curve 112 of the three 
ment , the thermal sensing device also includes a second sensing resistors , a characteristic curve 113 of the two 
insulating layer 99 and the second insulating layer 99 covers 60 sensing resistors is greater than the temperature and pressure 
the top of the first insulating layer 93 , the first sensing variation in a characteristic curve 114 of the one sensing 
resistor 94 , the second sensing resistor 95 and the electrical resistor in the prior art . The temperature variation being 
connecting wires 97 , as shown in FIG . 9C . The cavity 92 large represents the signal variation value Vs is also large . 
below the first sensing resistor 94 and the second sensing As shown in FIG . 11B , the characteristic curve 111 for four 
resistor 95 is also implemented to minimize a thermal 65 sensing resistors , the characteristic curve 112 for three 
conductive path from the first sensing resistor 94 and the sensing resistors , the characteristic curve 113 for two sens 
second sensing resistor 95 to the substrate 91 . ing resistors and the characteristic curve 114 for one sensing 



US 10 , 094 , 717 B2 
12 

resistor in the prior art represent that the variations of the voltage difference of an operating voltage and a ground 
output voltages in the present invention with four sensing point , and the third resistor and the fourth resistor are 
resistors , three sensing resistors and two sensing resistors is connected in series between the voltage difference of the 
greater than the variation of the output voltage in the prior operating voltage and the ground point , and the first resistor 
art with one sensing resistor . Therefore , the problem that the 5 and the second resistor in series are further connected in 
signal becomes smaller when the sensing element is mini - parallel with the third resistor and the fourth resistor in 
mized may be improved . series . 

By increasing the number of the sensing resistors in one 6 . The thermal sensing device as claimed in claim 5 , 
thermal sensing device and adapting to the installation wherein both the quantities of the at least one first sensing 
locations of the resistors in the Wheatstone Bridge measure - 10 resistor and the at least one second sensing resistor are one , 
ment circuit , the sensing signal is significantly increased so and both of the at least one first sensing resistor and the at 
as to resolve the problem that the signal becomes smaller least one second sensing resistor have positive temperature 
when the sensing element is minimized . coefficient of resistance and are implemented respectively to 

While the present invention has been described in terms be the second resistor and the third resistor or respectively 
of what are presently considered to be the most practical and 15 to be the first resistor and the fourth resistor in the measure 
preferred embodiments , it is to be understood that the ment circuit . 
present invention need not be restricted to the disclosed 7 . The thermal sensing device as claimed in claim 5 , 
embodiment . On the contrary , it is intended to cover various wherein both the quantities of the at least one first sensing 
modifications and similar arrangements included within the resistor and the at least one second sensing resistor are one , 
spirit and scope of the appended claims which are to be 20 and both of the at least one first sensing resistor and the at 
accorded with the broadest interpretation so as to encompass least one second sensing resistor have negative temperature 
all such modifications and similar structures . Therefore , the coefficient of resistance and are implemented respectively to 
above description and illustration should not be taken as be the second resistor and the third resistor or respectively 
limiting the scope of the present invention which is defined to be the first resistor and the fourth resistor in the measure 
by the appended claims . 25 ment circuit . 

What is claimed is : 8 . The thermal sensing device as claimed in claim 5 , 
1 . A thermal sensing device , comprising : wherein both the quantities of the at least one first sensing 
a substrate ; resistor and the at least one second sensing resistor are one , 
a first insulating layer disposed on the substrate ; one of the at least one first sensing resistor and the at least 
at least one first sensing resistor disposed above the first 30 one second sensing resistor has positive temperature coef 

insulating layer ; ficient of resistance and the other one of the at least one first 
at least one second sensing resistor disposed above the sensing resistor and the at least one second sensing resistor 

first insulating layer ; has negative temperature coefficient of resistance , and the at 
a plurality of etching holes disposed around the at least least one first sensing resistor and the at least one second 

one first sensing resistor and the at least one second 35 sensing resistor are implemented respectively to be the third 
sensing resistor ; resistor and the fourth resistor , respectively to be the third 

a cavity formed below the at least one first sensing resistor resistor and the first resistor , respectively to be the second 
and the at least one second sensing resistor ; resistor and the first resistor , or respectively to be the second 

wherein the thermal sensing device is implemented in a resistor and fourth resistor in the measurement circuit . 
measurement circuit , the measurement circuit includes 409 . The thermal sensing device as claimed in claim 5 , 
a first resistor , a second resistor , a third resistor , and a wherein the at least one first sensing resistor and the at least 
fourth resistor , and the at least one first sensing resistor one second sensing resistor respectively have positive tem 
and the at least one second sensing resistor are respec - perature coefficient of resistance and negative temperature 
tively implemented to be at least two of the first coefficient of resistance , the number of the at least one first 
resistor , the second resistor , the third resistor , and the 45 sensing resistor is two and the number of the at least one 
fourth resistor of the measurement circuit . second sensing resistor is one , and the at least one first 

2 . The thermal sensing device as claimed in claim 1 , sensing resistor is implemented to be the second resistor and 
further comprising : the third resistor of the measurement circuit and the at least 

a second insulating layer covering a portion of the first one second sensing resistor is implemented to be the first 
insulating layer , the at least one first sensing resistor , 50 resistor or the fourth resistor of the measurement circuit , or 
and the at least one second sensing resistor . the at least one first sensing resistors are implemented to be 

3 . The thermal sensing device as claimed in claim 1 , the first resistor and the fourth resistor of the measurement 
further comprising : circuit and the at least one second sensing resistor is imple 

a plurality of electrical connecting wires disposed on the mented to be the second resistor or the third resistor of the 
first insulating layer and configured to electrically 55 measurement circuit . 
connect the at least one first sensing resistor and the at 10 . The thermal sensing device as claimed in claim 5 , 
least one second sensing resistor with an external wherein the at least one first sensing resistor and the at least 
circuit . one second sensing resistor respectively have positive tem 

4 . The thermal sensing device as claimed in claim 1 , perature coefficient of resistance and negative temperature 
further comprising : 60 coefficient of resistance , the number of the at least one first 

a third insulating layer covering the at least one first sensing resistor is one and the number of the at least one 
sensing resistor and a portion of the first insulating second sensing resistor is two , and the at least one first 
layer . sensing resistor is implemented to be the second resistor or 

5 . The thermal sensing device as claimed in claim 1 , the third resistor of the measurement circuit and the at least 
wherein the measurement circuit is a Wheatstone Bridge 65 one second sensing resistor is implemented to be the first 
circuit , and the first resistor and the second resistor of the resistor and the fourth resistor of the measurement circuit , or 
measurement circuit are connected in series between a the at least one first sensing resistor is implemented to be the 
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first resistor or the fourth resistor of the measurement circuit 
and the at least one second sensing resistor is implemented 
to be the second resistor and the third resistor of the 
measurement circuit . 

11 . The thermal sensing device as claimed in claim 5 , 5 
wherein the at least one first sensing resistor and the at least 
one second sensing resistor respectively have positive tem 
perature coefficient of resistance and negative temperature 
coefficient of resistance , the number of the at least one first 
sensing resistor is two and the number of the at least one 10 
second sensing resistor is two , and the at least one first 
sensing resistor is implemented to be the second resistor and 
the third resistor of the measurement circuit and the at least 
one second sensing resistor is implemented to be the first 
resistor and the fourth resistor of the measurement circuit , or 15 
the at least one first sensing resistors are implemented to be 
the first resistor and the fourth resistor of the measurement 
circuit and the at least one second sensing resistors are 
implemented to be the second resistor and the third resistor 
of the measurement circuit . 20 


